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ABESTRACT

The purpose of Project 4.5 was to study the danger tc aircraft
from air pressurses resulting from a deep underwater ruclear explosion,
and to this end measursments were planned from the surface up to a
hsight of 500 ft and out to 6000 ft from surface zero. Bad weather
forced dbandonment of all but two measurements, surface pressures at
0 and 6100 ft. These data confirm that acoustic coupling can predict
peak air pressures but rot later pressures, Coupled with data from
exporiments with high explosives, a set of prediclions are arrived at
of alr pressures to be expected from WIGHAM-type weapons.
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ATIR PRESSURES FROM A DEEP UNDERWATER BURST
1 OBJECTIVES

The purpose of Project 4,5 of Operation WIGHWAM was to measurs air
pressures from a deep underwater nuclear explosion at the surface and
at altitudes apprcaching those which would be used by a delivery air-
craft, In particular it was aesired:

1. To determine the coupling of the water and the air shock,
and

2. To determine the attznuaticn of the shock wave with
altitude,

2 BACKGROUND AND THEORY

A secondary but important consideration in any proposed use of
nuclear weapons is that the delivery aireraft should escape unharmed
by its cargo. .in underwater explosion is dangerous to an airplane
because of the resulting shock wave and because of water thrown up

into the air. In this project we deal only with the sheck in air; the
dome i1s considered by Project 1.5.1

The problem of what the air pressures from an underwater burst
will be is not as simple as has sometimes been assumed. Under vater
shock pressures can be estimated i‘mm empir; cal fgmulae »Z» and were
measured at WIGKAM by Projects *.2 1.2,1,7 1.3, and 4.1:-.7 The
magnitude of a shock transmitied from water into air is usually esti-
mated using acoustic theory, but this method estimates only the
peak pressure without specifying the subsequent decay. Finally it is

not certain how the wave will propagate and decay in the air away from
the surface,

The transmission o

a pressurc wave from water into air can be
deseribed acoustically:

:_a_ . 2pc  cos 8, W
?w P S, ¢Os 55;



wheoe P and fyare peak overpressures ir alr ard water respectively,
Pa and py are densities ol air and water, ca and ¢y velocities of
sound, and ;ih, and éa are ungies from the normal of incidence and
transmission. The angles ¢, and ¢, are related by Snell's law:

s.’m;‘w_c:w . 2)
sin g N

These expressions apply only to the initial peiak overpressure., Ths
time scale of the air pressure wave is longer than that of the water
wave, because water thrown up on the dome rmaintains air pressures
while pressures in the water below are fzlling., The author knows of
no analyticel description of this effect, although its existence is
affirmed by uxperimental evidence.

In an acoustic treatment air pressure falls off inversely as the
distance from the virtual source of the explosion, modified by the
vertical zradient of density and velociiy of sound in the atmosphere,
Thus c¢ne would expect the air pressure to vary as:

P~~f§_5 . 3)

The physical reason for such a variation is that ths pressurs
wave diverges as it travels away {rom its source, and its energy is
spread over a larger area, In shock waves another factor causes peak
pressure to decrease faster than acoustically. This factor is dissi-
pation of energy at the shock frout arising because tine rarefaction
of expansion behind the front travels faster than the front itseif,
In an underwater explosion, a third factor alsc enters: crossfeed
between parts of the wave not at the same pressure, For weak shocks
and on the vertieal axis, these several effects can bz consolidated
into the one differential equation:

7 2 . '
%%%--%' :71’%35 Zxcox ()

where 2 is the ratio P/B,of the overpressure to the pressure in front
of the shock, r is the distance to the virtual source, 9 is the time
constant of the shock defined by the expression

1 1 dp
AT (3)

ard u, is the particle velocity in the wave in directions X perpendic-
ular to r. In this expression the first terr on the righit comes fros
divergence, the second from dissipatdon at the front, and the third
fron crossfeed or the influence of neighvoring parts of the wave.




For spherical symmetry, that is, no crossfeed, there existslo an
integration of equation 4:
a ir r -1/3

. - To _ %0

I F| YT e 6)
9 _ nrozo 2
Qo ri

Theoretical treatment of the air pressure from a deep underwater
explosion therefore resolves itself into a prediction of tne air
pressura wave at tne surface, including its time dependence, and a
prediction of its propagation away from the surface.

3 RELATED EXPERUMENTS

Only once, to our knowledge, have there ever been any measure-
ments of alr pressures from bursts as deep as the WIGWAM burst. The
vaterways Experiment Station (WES) of Vicksburg, Mississippi, in con-
junction with the Maval Urdnance Laboratory (NOL), has burst 32—}5
charges of TIT at depths up to 16.22 ft, which corresponds by wk/3
scaling to a depth of 2000 £t for 30 KT of TET.1X The resulting datx
are surziarized in figure 1 and table 1.

One can use these data to check the theoretical ideas expresscd
above. In table 2 are compared coupling factors (Py/P;) predicted
acoustically by equation 1 with those actually measured. (The
difference between these numbers and those NOL quotes are in part
because NOL used nominal values of velocity of sourmxi. The internal
evidence of the data -- arrival times and cutoff times -- indicates
that in this set of experiments the velocity of sound in the water
was 5570 ft/sec instead of % nominal value of 4d00 ft/sec.) rhe
agreezent is reasonably good, within 10 per cent, for the first two
stations, but not for the third.

Cnly a few tracings of the original records are availabls to us,
These indicate that the time scale of the air pressure wave was about
ten times as long as that of the underwater wave (table 3). If the
water of the dome had acted as a perfect piston, the time constant of
the resulting air pressure wave would be V,/a, or of the order of
seconds. It is obvious that the water did not act as a perfect piston.

Table L shews that trhe overpressure above surface zero Jecreased
more rapldly than inversely with distance, Moreover, the last column
of table 4 shows that 2 correction for the time constants of table 3
according to equation 6 still does not fully account for the decrease
of pressure with height. Crossfeed must be at work. These WES data
indicate clearly that the air shock from an underwater explosion
cannot ba treated only as an acoustic problem. .




On the other hand there is an a priori reason to expect the WES
data not to scale to WiGW\Ai4., Wwe have saia that one reason for the non-
acoustic behavior of the air wave is the expansion behind the front
as measured by the time constant, and have attributed the size of that
constant to the action of the dome. 23ut the dome cannot scale. The
dome starts rising at a velocity which deperds on the incident over-
prassure ard is thereafter deceleratea by gravity and air drag; however,
gravity does not scale, remaining instead the same for all experiments.
Thus in both the WES experiments and in WIGWAM the initial upward rise
of the dome at surface zero was about 100 ft/sec. Because of gravity,
neither dome would rise more than 150 ft, T'e scale factor between the
two experiments was 123, so that the WIGWAM dome had roughly a hundred
times the density of the other and should be a more effective piston.
It should keep air durations long and make their effect on peak
pressures less. [he peak pressures at altitude on WIG#AM should bs
greater than the WES data would indicate.

L EXPERIMENTAL PLANS AND OPERATION

Original plans for this project included measurements of free air
pressure vs time at surface ranges of 0, 2300, 3900, and 6100 ft,
Tnese stations were represented in the tow line by the YC-473, the
iCK=~1a, the ICH-2A, and the YFiiB-12, respectively. heasursments were
to bz made at heights of 50, 250, and 500 ft above the water except at
the 2300-ft station where only a measurement at 50 ft was to be mads.
Mooring lines of larga helium-filled balloons of nylon-covered poly-
ethylene were to be used to hola the gages in place. Zazh balloon
would supply a fres 1ift of 2200 lbs to support gages, transmitters,
and cables, and each was to be rlown at an altitude of 650 ft,.

The first three stations were expected to sink after the burst,
so data from these statlons were sent back using fm-fm radio telemeter.
ing. ©wo transmitters for this purpose were to bs hung 50 ft below
each balloon, each housed in a water-proofed metal container and each
pair with a quarter-wave grourd-plane antenna mounted on top, Two
gages were to be mounted at each height of interest with electrical
cables running from each gage of a pair to a different transmitter,
thus insuring complete information even should one transmitter fail,

The six transmitted signals were received at a traller on ths
fantail of the U3S Curtiss. [he frequency modulated signals wers
recorded directly on Ampex magnetic tape recorders ard were also dis-
criminated and recorded on Consclidated oscillographs.

The 6100-ft station was expected to survive the detonation;
therefore hard wire telemetering was used, data belng recorded on a
magnetic tape recorder and or a Midwest oscillograph.

ressure transducers used wera the vlancko twisted bourdon tube
garze and the Northam and Datrarn Ulaphragm-type variable reluctance
£aZes,




Four balloons were inflated and put into position on the tow line
on D-2, but continuing high winds and rouzh seas prevented attaching
the gages and associated telemetering equipment to the mooring lines
and raising them to altitude. Because of the winds the balloons
became a hazard to aircraft and to the equipment of other projects;
the balloons had to be cut loose and measurements at altitude
abandoned,

In an eleventh hour attempt to salvage some information of value,
gages were installed on D-1 on the YC-473 and the YFN3-12 near the
water surface., No such gages could be installed on LCM's 1k and 2A
because the tallgate of the US3 Zomstock broke and the boats which
were to have been used could not be removed {rom the well. On tke YC
all gages were mounted on a steel framework welded to the deck so as
to extend several feet out over the water ard about 20 ft above it,
Gages were mounted on the YFNB at three different locatlons: two on
the rail near the bow, two in the cable tub on the forecastls deck,
ard two tied to a boom on the helicopter deck. These gages were
about 2L ft fron water level.

5 RESULTS AND DISCUSSIOR OF THE DATA

At both the YC and the YFNB there were several zagss and hence
several pressure-tine records. Sample wave forms are shown in figure 2,
and pressures and times determined from these records are given in
table 5. The table includes all the few data obtained in Project Lk.5.

Feasurements of under-surface pressures were rade at the IC by
Naval Research Latoratory (Project 1.2.1) anc indirectly by Armour
Research Foundation (Project L.U4), and at the YFNB-12 by Havul Ordnance
Laboratory (Project 1.2) .nd Haval Electronic Laboratory (Project 1.3).
Their preliminary results are tabulated in table 6, In this table are
also given coupling factors (P,/P,) calculated from these data and
acoustically from equation 1, A4S in the case of the WES data the agree-
mant is only fair.

We should note at this point that, in spite of good intentions,
the gages were nov completely free fros interference from the barge on
which they were mounted. This effect is such as to make zages on the
IC read somewhat low, and the gages on the IFiB somewhat high, but in
neither case should the effect be more than 1C¢ per cent.

Only fronm the surface zero measurements can a tims constant be
determined: It is about 430 umsec, 15 times as long a5 the undervater
time constant. This can be compared with time constants from the WES
data, wnere the ratio is more nearly 10, Thus, as expented, the
WIGWAM doze was a more efficient piston than the dome in the WES
experiments,




sven after WIGWAM the only large number of experimsntal data on
air pressures from an underwater burst are the WES data, The evidence
is that the water-to-air coupling was stronger at WIGWAM than in the
WES experiments, especially in the latter parts of the wave. On ths
otner hand the effective blast yield of the WIGWAH shot was spzller
than the 30 KT to which the WES data scale. Thuese two considerations
somewbat balance each other, being in opposite directions. We there-
fors recormmend that until if and when direct measurements are mads
successfully, the UES data, scaled, be used to predict air pressures
fronm WIGHAM~type bursts. Fipgure 3 esbodies these recommended
pressures,

Those observing the WIGwAM shot noted that a series of sounds
were heard, rct just one shock. The multiple pressure signals heard
wers recorded by the gages on the YFH3-12 at times given in table 5.
Correlation with rmotion pictures seezs to indicate that the second
after-signal was caused by the bubble break-through plume -- indeed
it was discoversd by timing the plume and then Looking back into the
records. [he third signal may kave been caused by the seconit pluce,
and tne first signal by one of the bubble pulses., The racorded
sigpnals are not shocks, bui wave trains of indeterminate character,

6 CONCLUSIONS AND RECOMMENSATIONS

! Prinecipally because of bad weather, only two data werc obtained

J in Project L4.5. Associating these data with theoretical reasoning
and with data froz experiments with high explosives leads to these

‘ tentative conclusions and recommendations:

|

\

\

1. The coupling of peak pressures of water and air shock waves
can be deseribed acoustically using equation 1. Subsegquent behavior
cannot,

‘ 2. The propagation of the air pressure wave away froz the
* surface cannot be described acoustically (equation 3).

3. PFor planning purposes we recomzmend using air pressures
scaled from the 425 data as presented in figure 3.

L, If any further underwater bursts are made, we recor=end
measuring air pressures from thex, but not using balloons unless
better guarantees can be given about weather than at .JIGaAM,
Particularly should pressure measure=ents be made il relatively
shallover bursts are contesplated,




Table 1  AIR AND WATER PRESSURE’ FROM WES DATA

(32~1b INT burst 16,22 ft under water)

Location
Location (Scaled Peak Arrival Number
(actual) to 20 KT) Overpressure Time of  Duration
Station  (ft) (£t) (psi) (msec) Data  (msec)

A X 0 0 2,05 3.00 b -
y 0.5 62

B x 0 0 1.88 6.00 i -
y L0 1190

c x 0 0 1.25 11.29 N _—
y 10 1230

D x 0 0 0.98 16,96 L —
y 16,22 2000

E x 8.11 1000 .42 3.3 1o —

F x 8.11 1000 1.3k 6.18 S —
y L.O L9n

G x 8.11 1000 0.93 12,95 6 -—
y 12,0 1480

H x 24.3 3000 0.43 5.82 6 —

| Y 005 62

I X 2,-103 3000 00,48 9-28 l‘ —
y L. 490

J x 263 3000 0.50 14420 2 ~——
¥y 10,0 1230

K x Lo.5h 5000 0.2 8.90 7 ——

L x 56.77 7000 0.10 11,97 N —




Table 1 conttd

Location
Location (Scaled Peak Arrival Number
(actual) to 20 KT) Overpressure Time of Duration
Station (ft) (ft) (psi) (msec) Data (msec)

X x 0 0 3567% 2.91 3 0.176
y 0.5 62

N x 8.1 1000 4050 3.30 10 0,183
y =0.5 -62

0 x 17.69 2180 3500 3.19 10 -
y"'.l.éo 22 2000

P x 2l.3 3000 2630 5451 3 0.125
¥y 0.5 ~62

#This datum is questionable, The three individuul measurements
were 4100, 2700, and 3900 psi.

Table 2 COUPLING FACTORS FROM WES DATA

Theoretical Experimental Experimental Ratio
Station (acoustic) (actual) (smoothed data)
A 1.82 x 103;‘ 5,75 5.35 0.900
E~-N )-h3l$ X lO"_h 305 3-96 11097
H-P 2.72 x 10 1,65 1.59 1.71

Table 3 TIME CONSTANTS FROM WES DATA

Time Constant Number
Staticen ___(msec) __of data
M 01)487 2
N 0.386 2
c L,73 2
D 6,13 2




Table L ANALYSIS OF WES DATA

Pressure Same, corrected
times for

Height Radius,, Pressure Radius duration

H R = H+R AP RAP RAP f£(©)

(£t) (rt) ° (psi) (psi ft) (psi ft)

0.5 81.6 2,05 167 168.5

b 85.1 1,88 160 170

10 9.1 1.25 11y 131
3*

R0 = 4,97 x 16,22 = 81.1 ft

Table 5 RESULTANT DATA, PROJECT 4.5

Surface Zero 3tation
Gage OLD oD | oMN | Ohn Average
Pl Initial ftise (psi) 0.799] 0486L] 0.793! 04727| 0.795 0.055
P, Max Fressure (psi) 1.3701 1.390f 1.302] 1,368| 1.357 0.038
Py Final Pressure (psi) | .23 | 1,33 | 1.12 | 1.18 1.21L 0.09
T, Arrival Time (msec) |[403.5 |LOL.6 [403.9 [LOL.6 {L03.9
T rise Time to Max (msec) 29.8
T Duration of Record 75.3
(msec)
6 Inferred Tine L31
Constant (msec)
6100~f" >tation
Gage 1N M | 3N W SN | &4 Average
P, First Max(psi)” 0.110 0,143 D, 115 0.123
£ 0.018
P, Second Max(psi)” 0,172 | 0,138 0,168 D. 156 0.158
+ 0,015
Ta Arrival Time 1182 1182 1182 1182 1182 | 1182 1182 + 5
(msec) 5
T, Positive Duratior07.0 | 256.0 195.3 160,0 204, 6170
{msec)

* Secondary signals observed at 4.0, 5.9, and 11.8 sec,

15
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Table 6 COMPARISON OF MEASURED AN) THEORETICAL COUPLING FACTOR

Underwater Air
pressure pressure Coupling Coupling
Station (psi) (psi) (experimental) (theoretical) Ratio
| ——— e
0  NRL 3000, 1.36 L.55 x 10:%“ 5.35 x 10:15 1.18

ARF 3600 1,36 3.78 x 10 5.35 x 10 1.h1
6100  NOL 0,16 g L7ix 10:’}:'

NEL 800 0.16 2.0 x10 1.71 x 10 0.36

# Indirect measurement
i Not yet available

16
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Director, Bsllfctics Besearch Ladorstary)

Commarding Genarsl, The Ergtneer Center, 7¢. Balvoir,
Ya. ATTE: Asst. Commandant, Frginesr School

Commandicg Officer, Esglzaer Ressarch and Development
Laderstory, Ft. Eelvolr, Ya. ATTN: Chief, Technieal
Intelltgence Branch

Comandicsg Officer, Pleationy Arsensl, Lover, X.J.
ATDE; GEDABIE
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57-63
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Cocz=andicg Officer, Arzy Kedicel Rasearch Laboratery,
Ft. Izox, Xy

Co=anding 0fficer, Cte=icel Corps Chextcal end Radlo-
loglcal Ledoratory, Arsy Cheafcel Center, M4, ATIM:
Tech. Library

Co==anding Officer, Trazsportatica BLO Statics, 7t.
Ecstis, Va.

Director, Teckalcal Dociments Cexnter, Evans Signal
Laborstery, Belsar, X.J.

Director, Vatervsys Erperiseat Staticn, FO Box 631,
Vicksburg, Mise, ATIM: Library

Dirsctor, Armed Forces Institute of Patbolezy, 7th szd
Indepnrdence Avenue, S.V,, Waghington 25, D.C.

Director, Operatiozs Resesrch 0ffico, Jckrs Eopkics
University, 7100 Coscticut Ave., Chevy Chass, ,,
¥athirgton 15, D.C. ATRY: Library

Technicel Information Service, Oak Ridgs, Taz==.
(surylus)

XAVY ACTIVITIZS

Chiaf of Faval Operations, D/¥, Veshirgtes 25, D.C.
ATTE: OP-35

thisf of ¥aval Operstiocs, DfX, Vssbisgtes 25, D.C.
TN OP-0IC

Srecter of Xaval Ictellizence, 0/%, Vashizgton 25,
.7 ATIN: OP-9R27
Chint, Buresu of Kedicina ecd Surgery, DfX, Waahingtea
» D.C. ATZN: Specis) Vespors Defenas Div.
Chief, Bireau of 057 =+ .u, L,*, Vashington 29, D.C.
Chlaf, Fmsau of 2 o+, DX, Vishingron 23, D.C, ATDS:
Code 3\8

Chilef, Breau 0f 3 « 3 g, ‘s DfX, Washicgten 29,
D.C. ATIX: .

Chisf, Bureeu ¢” Supmiy « ard Accounts, D/X, Weahicge
ton 23, O.C.

Cllef, Bureay of Aerotautice, D/S, Veshtogton 25, D.C,

Chis? of Xavql Research, Departarct of ths Eavy
Hsatilngton 25, D.C. ATTN: LT(%) 7. HeFes, U4

Camander-in-Chisf, U.3. Pecific Flost, Fleet Post
Office, San Fraacisco, Caltf,

Cmcr—h-i:h!of, V.5, Atlentic Fleat, U.5. Javel
Base, Norfolk 13, Va,

Commandant, U,3. Nirise Corps, Vashinaton 235, D.B.
ATTE: Code AONY

President, U.S. Xevpl Vor Collegs, Xevyore, R2.1.

Scperiztendent, U.S. Xavel Postizaiuate Sehool,
Komwirey, (slif,

Comzandtng Officer, V.S, Kaval Schools Comand, U.7
Faval itatios, Tressurs Ieland, Sas Francisco
Caltf,

Comardta, Sfticer, .8, Fleet Trainirg Cester, Nyval
Base, Forfalk 11, Ve, ATTE: Special Yespons School
Coamandirg Sfticer, U5, Fisst Tralnlng Ca~ter, '1v23
Statior, .- Dlegn 36, Calir. ATTE: BRI oma )

Comsardirg Offtcer, Atr Developzant Squairon B, VX7
U.5. Kavsl &Y- Station, Moffett Feld, oaltr,

Coronndirg OffL. e, U 3, Xaval Dasege Contra) Trestlng
Ceztar, Savel dese, Failedelonia 12, Pu. ATTN: AL
Del~nze Course

Cormanling Offtzer, .8, Faval Unit, Chestfzal Corps
f:ex:.oel. ARy Chemizal Touisirg Cestar, Fi. Klellss,
Als,

Comander, &.5, Naval Crdrnnce Laderatory, Stiver
LTing 19, 4. ATTE: I

Ceomander, V.1 Naval Crdnescey L=boratery, Sitver
Sprina 1v, K, ATTN: EZX
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Cormander, U.5. Naval Ordnance Laborstory, Silver
Spring 19, ¥3. ATDN: R

Cocmacder, U.3. Xaval Ordrance Vos* Statlon, Inyokern,
China Lake, Calif,

Qfficer~in-Chargs, U.5. Naval Civil Engineering Reés.
std Evaluation Lab., V.5, Ravel Conatruction Bat-
talion Center, Port Hussess, Cslif, ATTM: Codle 753

Comocding (fficer, U.S5. Naval Modicol Fesesrcs Inmst,,
Xatioral kaval Msdicel Center, Betbesds 15, M4,

Director, U.S. Xaval Research Ladoratory, Washington
2%, D.C. ATTH: Code 2009

Cecmarding 0fficer and Director, U.5, Navy Electrotics
Laboratery, San Disgo %2, Callf, ATTN: Code 5223

Cormandicg 0ff{cer, U.5. Yaval Radiological Defense
Laboratery, Ssn Francisco 25, Callf, ATTN: Techoicsl
Infurzation Division

Director, ¥avel ALr Experizsntel Station, ALr Materlal
Center, U.S3. Favel Base, Philsdelrhils, Per:.

Coamanding O0fficer and Director, David ¥. Taylor Hodel
Basgin, Washington 7, D.C. ATX: Library

Cx==acder, U.5. Neval Alr Develojment Cenler, Johoe-
ville, Ps.

Dirsctor, Offica of Neval Research Bracch Offics, 1000
Geary St., San Frencisco, Celtf,

Cozmanding OXlf2er and rector, U.5. Xaval Engineer.
irg Experooent Staf Lo, Aczapolis, M3, ATIN: Cods

05
Technical luf¢ watlon Service, Osk Ridgze,
{Surplus)

o
5.

AR FORCE ACTIVITIES

Asst. for Atetlc Exergy, Eesdgquarters, USA\P, Waahing-
ton 25, D.C. ATTN: IC3/0

Director of Oparations, Essdgvarters, USAF, Yaahirgtos
25, D.C. ATTN: Operations Atalysis

Uirector of Pasns, Headgjuarters, U3AF, Wesh. 7t 25,
D.C. ATIN: Wsr Plara Div.

Director of Besearch and Devslojmant, Essiguarters,
TSAF, Yarhingion 25, D.C. ATiS: Cozdat Cospouants
B,

Direztor of Intelligssce, Hesdquarters, USAF, Vaabing.
ten 2%, D.C. ATTH: AYOIN-IB2

The Surgeon Gernersl, Headguarters, USAF, Washirgtes 29,
D.C. ATTN: Bfo, Dsf, Br., Pre. Med, Div.

Peputy Chief of 5iaff, Intellilzernce, Eesdjuariers, 1.5,

Afr Forces Burope, ATO 633, ¢fo P, Hev York, X.T.

ATM: Directorste of ALr Taracts

der, 49Tth B H Fechnizal Squedron

{Auamaatad), ATO £33, cfo P, ¥ev York, K.1.

Cormander, Far Eaes Alr Forces, ARO 923, ¢/o ™, Sex
Frasgisco, Cslif,

Comander-in-Chlef, Strategic Alr Commazd, OfNtt Alr
Torce Bass, Omalta, Nelraska. ATIN: Spocleal Veapcts
Eracch, Inspectics Div., Imapedtor Censral

Comzsardar, Tactical Alr Cosmand, langlsy AFS, Vi,
ATTH¥: Docuzents Senxity Eranch

Cee=andar, Alr Defonse Cosmand, Xat ATRE, Colo.

Coc=ander, Uright Afr Dsvoloposnt Centar, Uright-
Patterson ATR, Dayton, O. ATTN: RN, Blast
Effects Research

Coe=ander, Afr Training Cocmand, Scott AFS, Bellevillse,
I31. ATIN: DCS/o GiP

Commander, Alr Researzh ssd Developosnt Command, FO
Box 1395, Balti=cre, Ki. ATTH: RiH

Comzarder, Alr Proving Grownd Command, Xslla ATD,

Fis. AYTY: AS/TD

Dirsstor, Alr University Lilrary, Maxvell AFE, ila.

Com=andsr, Flyirg Trainicg Atr Force, Waco, Tex,
AVIR: Director of Obaerver Trainirg

Coz=ander, Crev Tralalng Alr Forcs, Ranlolph Fiald,
Tex. ATIN: XT3, DC3/0

P
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139
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172
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177-182

183-18%

165-193
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Coemander, Headquarters, Technicsl Trainicg aAir Force,
Culfport, Hiss. ATTN: TALD

Co=andant, Ar Yorce School of Aviation Kedicirs,
Randolph AFB, Tex.

Cozarnder, Uright Alr Daveloj==nt Centsr, ¥right-
Pattorsoa AYB, Deyton, O, ATTN: WOO3I 3

Ca—ander, Alr Force Cembridge Ressarch Center, 230
Albany Street, Cosbridge 39, Mass. ATIN: CRQS?.2

Comarder, Afr Force Special Wespons Center, Eirtland
AYB, X, Maz. ATIN: Libtrary

Comandant, USAT Iastitute of Techmology, Wrighte
Patterson AFB, Dayton, O, ATTN: Residont College b

Cocmander, Lovry AFB, Denver, Colo. ATTH: Depertment
of Arzsmant Training

Ceemander, 1009th Specisl Weapons Squsdron, Head-
Qquarters, USAF, Vashirgton 2%, D.C.

The PAND Corporation, 1700 Main Street, Ssnta Momics,
Callf. ATTH: Nuclear Energy Divisfon

Coa—andar, Second Alr Force, Barksdale AFB, Loulsiscs,
ATTN: Operaticas Anal, Office

Cetzander, Eighth Alr Force, Wostover AYB, Mass.
ATIN: Operations Apal, Office

Comznder, Fiftaenth Alr Torce, March AYB, Callf.
ATIR: Oporatiocs Anal, Office

Tecknlesl Information Service, Oak Ridge, Tenmn.
{surpius)

OTEIR ISPARDONT OF DEFIXSE ACTIVITIES

Asat. Secretary of Defensa, Besearch and Developeent,
D/D, Vashizgtos 25, D.C.
U.8, Documents Officer, Office of the U.S. National
Military Rejmesentativs - SEAPZ, AFO 55, Nev Tork,
Xev York
Directeor, Wezpoms Systens Evaluation Crowp, 050, B=
Z1008, Pautspos, Washingtes 25, D.C,
Arzed Services Explosives Safety Board, D/P, Bufllding
T-7, Gravelly Polnt, Weshingtos 25, D.t.
Cocmanlant, Arsed Yorces Staff Collegs, ¥orfolk 131,
Va. ATIS: Secratary -
Cocmanding Genaral, Tield Command, Armed Yorces Spe-
;:;;1 Vezpons Protect, FO Box 5100, Albuguerqus, X.
Cotmanding Genoral, Tield Command, Arsed Forces, Speclal
¥eapora Froject, IO Box 5100, Albuguerque, X. Msx. =
ATiR! Technleal Tralnizg Group
Chief, Ar=ed Forces Special Weapons Project, Vashirgton
25, D.C. ATTI: Document Library Bransh
“echnical Izformation Servics, Oak Ridgs, Tenn.
{swrplus)

ATONIC INERST COMMISSICE ACTIVITIRS

U.8. Atemic Inargy Comission, Clasaified Technicsl
Litrary, 1901 Conatitution Ave., Vashington 25, D.C.
ATIN: Nrs, J. M. 0'lasry (For DW)

Loa Alaos Sclentifis Ladorstory, Rsport Litvary 5O
Box 1663, Lo Alemce, X. Max, ATTH: Helen Reda

Sandis Corporstiosn, Classifisd Documant Division,
Sandla Base, Albuquorque, X, Max, ATTE: Martin
Lucors

Unlversity of Caitfornia Rediaticon Labarstore, O 2oz
808, Livsroors, Calff, ATTN: Margaret Zduwd

Wespon Dsts Section, Technlesl Information Servics,
Gak Ridge, Tenn,

Tecknizal Information Ssrvice, Osk Ridge, Tecn.
(sarplus)
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